Background: Wide excision or Mohs surgery is the standard treatment of skin squamous cell carcinoma (SCC). Superficial SCC or tumor smaller than 1 cm has been treated successfully with open spray cryosurgery. Larger tumor may not be as effective because tissue destruction is usually superficial. Intralesional cryosurgery (IC) may provide a deeper and better cell killing effect in larger tumors. We investigated the safety and efficacy of treating nodular SCC in 4 patients with IC.
Introduction
Cutaneous squamous cell carcinoma (SCC) is the second most common nonmelanoma skin cancers. [1] Keratoacanthoma (KA) is a variant of SCC with a tendency to self-regression. However, some KA may progress with tumor metastasis as the conventional SCC. The National Comprehensive Cancer Network guideline for the treatment of local, low-risk SCC is complete surgical excision with at least 4 to 6 mm safety margins, or Mohs micrographic surgery if feasible. [2, 3] Alternative treatments may be required for patients who are not suitable for or refuse surgery. Cryosurgery has been used for different benign, premalignant, and malignant skin lesions by different application methods such as cotton-tipped applicator, cryoprobe, superficial spray, and intralesional. [4] Superficial, in situ, or SCC less and equal to 1 cm has been successfully treated with cryosurgery with results comparable to traditional surgical excision. [5, 6] Intralesional cryosurgery (IC) has been applied to treat keloids in 1990s. [7] Weshahy et al [8] reported the success of treating basal cell carcinoma with IC. Taking the advantage of possible more effective cell killing from deep freezing of the tumor tissue by inserting a cooling needle inside SCC, we treated 4 elderly patients with nodular SCC/KA with IC.
Patients and methods

Case series
Four elderly Taiwanese men (Table 1) with nodular SCC or KA larger than 1 cm were treated with IC in the outpatient clinic of the Department of Dermatology, National Cheng Kung University Hospital after the diagnosis was confirmed histopathologically. Ethical approval and informed consent were not required for this case report as it did not relate to the patient's privacy and IC is not a new treatment. No regional lymphadenopathy or distant metastasis was noted during physical examination. After local anesthesia, an 18-ga needle was connected to a liquid nitrogen gun (Cry-AC; Brymill Cryogenic Systems, Basingstoke, United Kingdom) and inserted into the center along the long axis of the tumor (Fig. 1A) . The tumor was treated with 2 freeze-thaw cycles. Freezing time was around 30 to 60 seconds. The end point was ice formation of the whole tumor with at least 5-mm free margins (Fig. 1B) . For tumors larger than 1.5 cm, 2 needles were inserted perpendicular at 1/3 and 2/3 of the long (y) axis of the tumor to achieve adequate free margins. Regional lymph node and the tumor were examined at monthly follow-up. Additional IC or spray cryosurgery was performed if there was residual tumor during follow-up.
Illustrative cases
Case 1 was an 81-year-old male farmer. He received surgical removal of an SCC on his left hand 6 months ago. Another asymptomatic nodule (1.2 Â 1 cm 2 ) grew on his right shin (it became smaller after biopsied, Fig. 1C ). Skin biopsy revealed well differentiated SCC with features of KA. He refused surgical intervention and was treated with IC after failed 1 intralesional methotrexate 0.12-mL (50 mg/2 mL, Hospira Australia Pty Ltd., Melbourne, Victoria, Australia) injection. Within 1 week, the tumor reduced around 40%. Spray cryosurgery (3 freeze-thaw cycles with 10-second freezing) was performed 3 weeks after IC because the tumor was too small for IC. No visible tumor was observed by week 6, and no recurrence was noted during follow-up at 9.5 years (Fig. 1D) . He died of colon cancer with lung metastasis.
Case 2 was a 68-year-old man who presented with an itchy 2 Â 2 Â 0.5 cm 3 protruded nodule with central hyperkeratosis over his left dorsal hand for 2 months. Skin biopsy revealed well differentiated SCC, KA type (Fig. 1E ). The tumor shrank by 75% 2 weeks after IC. A spray cryosurgery (25 seconds Â 2 cycles) was applied at 4 weeks after IC to reinforce the effect. No tumor was observed by week 7. There was no recurrence, and the scar was invisible at 5.7-year follow-up.
Case 3 was a 77-year-old man presented with a 1.1 Â 0.9 cm 
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Case 4 was a 94-year-old bedridden man. His medical history was significant for dementia, hypertension, prostate cancer complicated with neurogenic bladder and hip fracture with partial hip replacement. He presented with a 1-month history of fast growing tumor on his left cheek. On examination, a 1.2 Â 1.4 cm 2 nodule was noted on his left cheek, which was proved to be well differentiated SCC histologically. His general condition precluded surgery or chemotherapy. He lived in rural area, and it was not easy for him to come for daily radiotherapy. He was finally treated with IC (Fig. 1B) . The tumor subsided by week 6 after 1 IC. No additional cryosurgery was needed. He was free of tumor at 1.4-year follow-up.
Discussion
We described 4 cases of SCC, 3 of them were KA types, in elderly patients who were successfully treated with IC without complications. Takai et al [1] showed a regression rate of 98.1% in KA, 33.3% in that of KA-like SCC/KA with malignant transformation. [1] With the potential progression as in conventional SCC, we believe that active treatment of SCC, KA type is more advisable than watchful waiting.
There are several large studies showing high cure rates of cryosurgery for nonmelanocytic skin cancers. [9, 10] In the report by Kuflik, [11] most patients were treated by curettage before open spray technique, which achieved a 99% cure rate in 522 cases. The 5-year cure rate in SCC smaller than 2 cm (n = 134) was 100%. In dermatology, IC was first introduced by Weshahy [7] to treat keloid or hypertrophic scar. A newly developed intralesional cryoneedle, which consists of an elongated double-lumen uninsulated needle (CryoShape; Etgar Group International Ltd., Raanana, Israel) was invented. [12, 13] The cryoneedle is not available in our country. We simply connected an 18-ga needle to a liquid nitrogen gun as a cryoneedle. This is simple and feasible in most clinics. IC shows more therapeutic effect than spraying in nodular lesions because the lethal zone is located in deep tissue and causes more tumor damage. In comparison to spray cryosurgery, IC induces almost no hypopigmentation of the skin because a deep-seated cryoprobe is less damaging to the epidermal melanocytes. Our results agree with previous report, [14] and only 1 patient (25%) developed temporally hypopigmentation on the skin even 3 patients received additional spray cryosurgery (Fig. 1F) .
Our study is limited by its small case number. Nevertheless, IC appears safe, simple, and suitable for elevated nodular tumor. All tumors reduced in sizes after 1 IC treatment in our patients. The residual tumor was cleared by additional spray cryosurgery. IC may provide long-term remission as complete clinical remission was noted in all 4 cases during the 1.4 to 9.5 years of follow-up (average 5.1 years). Moreover, the cosmetic outcome was also highly satisfactory. Nevertheless, it should be noted that IC may not be suitable for patients with conditions or tumor locations where cryosurgery is contraindicated, such as medial canthus or eyelash region to avoid damage of canaliculus or ocular tissue, acral part in patients with poor circulation or poor healing, or location where nerves are fairly superficial with potential of nerve injury. In addition, IC is superior to radiotherapy for its simplicity and free of complications such as radiodermatitis, lymphedema, and secondary cancers. [15] In conclusion, IC can be an effective alternative treatment for elevated, nodular SCC in elder patients, especially those who refuse or whose condition is not suitable for operation. Larger, controlled studies are needed to confirm its safety and efficacy.
